■iiiiniiiiiipiii 

@ Publication number: 0 647 682 A1 



© EUROPEAN PATENT APPLICATION 



© Application number: 94115688.7 


© int. ci.°: C08L 83/07, C08K 3/08, 


&) Date of filino* 05.10.94 






© Priority: 06.10.93 JP 274892/93 


© Applicant: Dow Corning Toray Silicone 


06.10.93 JP 274893/93 


Company, Limited 


17.11.93 JP 311265/93 


Mitsui Bldg. No. 6, 




2-3-16, Nihonbashi-Muromachi, 


© Date of publication of application: 


Chuo-Ku 


12.04.95 Bulletin 95/15 


Tokyo 103 (JP) 


© Designated Contracting States: 


@ Inventor: Nakayoshi, Kazumi, Dow Corning 


DE ES FR GB IT 


Toray 




Silicone COmpany, Ltd., 




2-2, Chigusa Kaigan 




Ichihara-shi, 




Chiba Prefecture (JP) 




inventor: Mine, Katsfutoshi, Dow Corning 




Toray 




Silicone COmpany, Ltd., 




2-2, Chigusa Kaigan 




Ichihara-shi, 




Chiba Prefecture (JP) 




Inventor: Tazawa, Rikako, Dow Corning Toray 




Silicone COmpany, Ltd., 




2-2, Chigusa Kaigan 




Ichihara-shi, 




Chiba Prefecture (JP) 




© Representative: Spott, Gottfried, Dr. 




Spott, Weinmiller & Partner 




Sendllnger-Tor-Platz 11 




D-80336 MUnchen (DE) 



© Silver-filled electrically conductive organosiloxane compositions. 



® The electrical properties, particularly contact resistance and volume resistivity, of materials prepared by 
curing organosiloxane compositions containing finely divided silver as the electroconductive filler surprisingly 
enhanced by treating the silver particles with an organosilicon compound before incorporating the particles into 
said compositions. 
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This invention relates to storage-stable, silver-filled organosiloxane compositions yielding cured etec- 
MgJTcSZEL earners that retain their electrica. properties lor extended pe nods « 
reduL variation of contact resistance and volume resistivity with time exhib.ted by our elastomers a e 
anrSedT me manner in which the silver particles are processed before incorporation ,nto our curable 

prepared from curable organosiloxane compositions containing finely 
**SSryS. Uw. nighlvels of e,ectrica, conductivity and are us* •«*-»"• 
that require materials exhibiting heat resistance, flex resistance, and electrical conduchvrty. 

S prior art of electrically-conductive, silicone compositions .s "W^^g.Jf 3 170,581 
(170 581/91 JP-A 03-049.105 [049,105/91]; JP-A 59-170,167 [170,167/84]; and US-A 5,227,093. 

Serai pltems are associated with the electrically conductive silicone rubber compos* ons taught m 
the pubnca ions mooned. When silver in flake-form is particularly used as a filler, ,t has been found hat 
during tS stTagTofthe composition, the silver flakes separate from the composition, and the composrt.on 
clbilirv ded Z wtth the passage of time. Ultimately, the composition may even become uncurable. 
" "JSC oblm is that'arge variations in contact resistance and volume "^"^"^ 
in the cured elastomers prepared from these compositions. Th.s phenomenon can render the rubber 

elastomers with tie 'is the low affinity of silver particles for the other ingredients of the curable compose 

""'we Z^srco^med'that the curability of these silicone rubber compositions declines with elapsed 
time duet thfpresence of residues of the lubricant which is present during grinding of the s.lver particles. 
These lubricant residues remain on the surface and/or in the interior of the particles. 

One o more of the following lubricants are used with silver particles during th.s gnnd.ng: sat u ated and 
unsaturated htaher fatty acids such as lauric acid, myristic acid, palmitic acd. steanc ac.d ole c acd. 
aSSc acX behenic acid; metal soaps such as aluminum laurate. aluminum ste ara e a nc la^ate 
and zinc steaate- higher aliphatic alcohols such as stearyl alcohol; the esters of higher al.phati : alcohols 
and cTr^TSdsf higher aliphatic amines such as steary.amine; higher aliphatic am.des; and po.yethyl- 

35 si J parses JSSZ to timewise variations in, respectively, the contact resistance and volume 

further reduces timewise variations in contact resistance and volume res.stivity of the cured elastomer 

The mttiaraspTcTof the present invention is achieved by first pretreating the silver particles .ntended for 
^£5££»™ compositions with an organosi.icon compound before the particle ,s combmed 

- -Hlbited by our curable composition is surprisingly 
reduced "presence in the'curable composition of an a.koxy-containing organos.hcon compound as an 
adi. This compound is in addition to any used as the organos.hcon compound for treatment of the 
oarticles Alternatively organohydrogensiloxane containing alkoxy groups may function both as the 
* ™ organosi-oxane composition. An 
organosilicon compound containing silicon-bonded alkoxy groups may also be employed as separate 

Ttewesent invention provides an electrically conductive silicone rubber composition comprising 
(A1 100 parts by tight of a polyorganosi.oxane containing at least two alkenyl radicals per molecule 
B roSanohydrogensiloxaneUaining at least two silicon-bonded hydrogen atoms e.ch ecuj 
in a quantity sufficient to provide from 0.5 to 3 silicon-bonded hydrogen atoms per alkenyl rad.ca. 
present in said polyorganosiloxane, 
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(C) from 50 to 2,000 parts by weight of finely divided silver particles treated with a first organosilicon 
compound selected from the group consisting of silanes containing at least one alkoxy group and 
organosiloxanes; and 

(D) from one to 1 ,000 parts of a platinum group metal per one million parts of the combined weight of (A) 
5 and (B) of a hydrosilation catalyst to promote curing of said composition. 

In our claimed invention, the silver particles are treated with an organosilicon compound selected from 
alkoxysilanes and organosiloxanes before combination with the other ingredients of our curable composition. 

The variation in electrical properties with time of any cured materials prepared using our curable 
compositions can be reduced if the compositions contain up to 20 parts by weight of an organosilicon 
w compound containing silicon-bonded alkoxy groups. 

The characterizing feature of our curable organosiloxane compositions is the presence therein of silver 
particles that has been treated with an organosilicon compound before combination with the other 
ingredients of said composition. 

The organosilicon compound, ingredient C, used to treat the silver particles is responsible for the 
/5 enhanced electrical conductivity exhibited by the silicone rubbers prepared by curing our claimed composi- 
tions, irrespective of the storage time of said composition before its use. 

The silver particles are prepared by the chemical or electrolytic reduction of a silver compound such as 
silver nitrate, or by atomization of molten silver. The silver particles to be treated in accordance with the 
present invention can be 100 percent pure silver or a silver alloy. Useful silver alloys include silver/copper 
20 alloys and silver/palladium alloys. The silver alloys may also contain trace amounts of other metals such as 
zinc, tin, magnesium, and nickel. 

With respect to non-metallic impurities on the surface of the treated particles, the organosiloxane 
composition to avoid cure inhibition of it is particularly preferred that the NhU +2 content not exceed 10 ppm 
and that the SO4- 2 content not exceed 5 ppm. 
25 While no specific restrictions apply to the diameter of the silver, average particle diameters in the range 
of from 0.1 to 10 micrometers are preferred. Because the morphology of ingredient C is likewise not critical, 
the particles can be in the form of granules, dendrites, flakes or the particles may be amorphous. Mixtures 
of silver particles exhibiting various morphologies can also be used. The flake form of silver is preferred for 
the preparation of highly electrically conductive cured silicone elastomers. 
30 The organosilicon compound used to treat the surface of the silver particles is not specifically restricted. 
Examples of suitable treating agents include: 

alkoxysilanes such as methyltrimethoxysilane, vinyltrimethoxysilane, 3-glycidoxypropyltrimethoxysilane, 3- 
methacryloxypropyltrimethoxysilane, dimethyldimethoxysilane, trimethylmethoxysilane, trimethylethox- 
ysilane, tetramethoxysilane, and tetraethoxysilane; 
35 siloxane oligomers such as silanol-endblocked dimethylsiloxane oligomers, silanol-endblocked dimethyl- 
siloxane/ methylvinylsiloxane co-oligomers, silanol-endblocked methylvinylsiloxane oligomers, silanol-end- 
blocked methylphenylsiloxane oligomers, 1,3,5,7-tetramethylcyclotetrasiloxane, and 1 ,3,5,7,9-pentamethyl- 
cyclopentasiloxane; 

polyorganosiloxanes ranging from low-viscosity liquids to gums, including 

40 trimethylsiloxy-endblocked polydimethylsiloxanes, trimethylsiloxy-endblocked dimethylsilox- 
ane/methylvinylsiloxane copolymers, trimethylsiloxy-endblocked dimethylsiloxane/methylphenylsiloxane 
copolymers, trimethylsiloxy-endblocked polymethylhydrogensiloxanes, trimethylsiloxy-endblocked dimethyl- 
siloxane/methylhydrogensiloxane copolymers, silanol-endblocked polydimethylsiloxanes, silanol-endblocked 
dimethylsiloxane/methylvinylsiloxane copolymers, silanol-endblocked dimethylsiloxane/methylphenylsiloxane 

45 copolymers, silanol-endblocked polymethylhydrogensiloxanes, silanol-endblocked dimethylsilox- 
ane/methylhydrogensiloxane copolymers, dimethylvinylsiloxy-endblocked polydimethylsiloxanes, dimethyl- 
vinylsiloxy-endblocked dimethylsiloxane/methylvinyl-siloxane copolymers, dimethylvinylsiloxy-endblocked 
dimethylsiloxane/methylphenylsiloxane copolymers, dimethylhydrogensiloxy-endblocked polymethyl- 
hydrogensiloxanes, and dimethylhydrogensiloxy-endblocked dimethylsiloxane/methylhydrogensiloxane 

50 copolymers; and 

silicone resins, including resins composed of RaSiO^ and SiO^ units, 

silicone resins composed Of RSiO^ units, resins composed of the RsSiO^ and RSiO^ units, and resins 
composed of the R2SiOjy2, RSiO^, and SiO^ units . 

The organosilicon compounds used to treat the silver particles can be used singly or as mixtures of two 
55 or more compounds. The group represented by R in the units of the silicone resins represents any of the 
substituted and unsubstituted monovalent hydrocarbons discussed in this specification relating to the 
alkenyl-containing polyorganosiloxane; used as ingredient A. 
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Stone ..*s us ed . »m Mfeg «««. » « » « *** that »*» * *0» 

";roS^enT»l L CU »M= 0.9—xan. compos*".*. M in >•*- *°»— «* « 

reduction imization, or by other means for the preparation of finely d,v,ded particles from molten s.lver 
^CheSy reduced silver particles can be prepared, by the reduction of an aqueous silver nitrate 

■■TS^ SrSTSJrjSSb, spra** — MM .o « M ..000-0 * 

" '"TSc'nSSn, >pply to in, loonnt*. k, .onto, tho mm P»«ol.s rift « -< 

MMmsm 

^CSLe formation of the desired thin coating of the organosi.icon compound on the , sil ver particles 

- -wmmmim 

so ^ZZT^TZ^^ t a h C e e r rt ace of the silver particles with the 

50 org^osS coSS IS* P«P— « of ingredient a J recent of the pjjj. . prefer** 
carried out at temperatures from ambient to 100- C. preferably at least 50 C. for penods from 

To facilitate drying and to also remove excess organosi.icon compound adhering to the .silver _partic.es 
55 the treated silver particles are preferably washed with a suitable organ,c solvent, and ,s then dned for 

' eaS, rfe ^™rZr™JtT^Z (Sgredient O in ,e Calmed compositions is typicaHy 
from 5 r°o ToTpTs by weight, preferably from 300 to 600 parts, per 100 parts by we.ght of the 
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